Just weeks before the Rio 2016 Olympic Games, this work examined the connection between winning Olympic medals at the London 2012 Games and the participating nations' population size, Gross Domestic Product Per Capita (GDP-PC), and average annual temperature as based on the 'demographic-', 'economic-', and 'geographical' hypotheses (Hoffmann et al., 2002) . The three dependent measures jointly accounted for 45% of the variance in winning Olympic medals (p < .001; effect size = 0.82). The contribution of the GDP-PC was relatively moderate (11%). The largest proportion of the variance in winning Olympic medals was explained by the nations' population size (27%). The average national temperature has accounted for a small portion of the variance (7%). Accordingly, the average temperature and GDP-PC had statistically significant, but modest roles in winning medals during the London Games, while the influence of the nations' population size was high. The three measures examined have explained nearly half of the total variance accounting in winning Olympic medals in London.
INTRODUCTION
Numerous studies have investigated the various determinants of the Olympic success. Their results and predictions have linked population size and Gross Domestic Product (GDP) to the winning of Olympic medals (Berdahl, Morton, 2002) . Further, the climatic factors, including average national temperatures, may also play a role in the preparation and success of the athletes. For example, Hoffmann et al. (2002) showed that during the 2000 Games in Sydney an average yearly temperature of 15 degrees Celsius was the optimal in that it was associated with winning a near average of 15 Olympic medals. The authors suggested that athletes in nations with temperate climates could win an extra 14 to 20 medals. In spite of this report, the national temperature, alongside the national population size and GDP, has received virtually no attention with regard to its possible moderating role in the winning of Olympic medals.
In this brief content analysis, we retrospectively examined the relationship between the Olympic medals won (the total of gold, silver, and bronze) in the 2012 London Olympic Games and the participant nations' population size, GDP Per Capita (GDP-PC), and the national average temperature (degrees Celsius C ͦ ) on the grounds of the earlier proposed 'demographic-', 'economic-', and 'geographical' hypotheses (Hoffmann et al., 2002 ). We did not attempt to make any predictions, but simply tried to uncover earlier factual relationships.
METHODS
This content analysis was based on objective, publicly available data sets. National population sizes and GDP-PC were obtained from the published World Bank online sources (The World Bank, 2015). The Olympic medals data were obtained from the BBC SPORT (BBC, 2015) and the average national temperatures were obtained from a weather data source (CantyMedia, 2015) .
RESULTS
Due to skewed raw data, loge transformations were performed. A multiple regression was conducted to test if population size, GDP-PC, and annual national temperature accounted for the number of Olympic medals won at the London 2012 Games. Initially, the test of the standardized residuals was carried out, which showed that the data contained no outliers (Std. Residual Min = -1.96, Std. Residual Max = 2.53). Further tests performed to determine if the transformed data met the assumption of collinearity, indicated that multicollinearity was not a concern (national population size, tolerance = .958, VIF = 1.044; GDP-PC, tolerance = .947, VIF = 1.056; average national temperature, tolerance = .965, VIF = 1.036). The DurbinWatson statistic value was lower than 2 (.845), but that was expected due to the non-random and transformed data that, nevertheless, met the assumption of non-zero variances (national population sizes, variance (s 2 ) = 3.01, GDP-PC, s 2 = 1.51, and national temperatures, s 2 = 0.54). Using the enter-method, a statistically significant regression equation was found (F (3, 81) = 23.91, p < .001, R 2 = .47, R 2 adjusted = .45, effect size (Cohen's f 2 ) = 0.82). In accounting for the total Olympic medals, it was shown that the size of the population in the participating nations (Β = .44, Β standardized = 0.62, t(81) =7.5, p < .001), the GDP-PC (Β = .33, Β standardized = 0.32, t(81) = 3.7, p < .001), as well as the national average temperature (Β = -.47, Β standardized = -0.28, t(81) = -3.3, p = .001) were all statistically significant factors (Table 1) . A stepwise multiple regression was also performed to see the contribution of each of the dependent measures to the regression equation. This analysis revealed that population size accounted for 27% (R 2 adjusted = .269) of the variance, which was increased to 38% (R 2 adjusted = .383) when adding GDP-PC, and to 45% (R 2 adjusted = .450) when further adding the national average temperature. Individual nonparametric correlations (due to the skewed data), between the Olympic medals won and the three dependent measures examined in the current analysis, were also calculated to estimate the linear relationship between them. These correlations are illustrated in Table 2 . Morton, 2002) claiming that the population size of the participating nations, GDP per capita, and their average annual temperatures VOLUME 12 | ISSUE 1 | 2017 | 249 are related to Olympic success. However, the findings regarding the connection between GDP-PC and the total Olympic medals won during the London 2012 Games emerged to be not very robust. They were comparable to the contribution of the national temperature of the participating nations, which alone has revealed a stronger direct correlation (a closer linear relationship) with Olympic medals won than the GDP-PC (see Table 2 ). Population size surfaced as the most robust indicator, out of the three measures examined, in accounting for the won medals.
The findings are important, since they show that the widely hypothesized relationship between the winning of Olympic medals and GDP in reality was only modest in London. The outcome matches the results of another recent content analysis, which has revealed that the participating countries' GDP was a weak predictor of medals won in Athens 2004 and Beijing 2008, in which the physical size of the participating countries and their national health care expenditures were stronger indices of winning medals (Boudreau, Kepner & Rondone, 2014 ).
In the current investigation, the three measures examined accounted for 45% of the variance in the winning of medals. While this figure is relatively large, more than half of the factors associated with success at the London Olympic Games could not be explained by the participating nations' population size, GDP-PC, and the average national temperature. The direct correlation between GDP-PC and Olympic medals won during the London Games was barely statistically significant, but this factor boosted by 11% the total variance explained by three dependent measures. In spite of a stronger direct correlation that emerged between the Olympic medals and the average national temperatures, the latter only contributed 7% to the total variance explained by the three dependent measures examined in this work. The average national temperatures were negatively associated with winning medals, that is in accord with Hoffmann et al.'s (2002) results, which revealed that a cool temperate climate was optimal in securing medals at the Sydney (2000) Games.
The conclusions of this work, based on the London 2012 Olympics and supported by previous analyses of two other Olympic Games (Boudreau et al., 2014) , is that the role of the GDP appears to be inflated in the scholastic effort to predict the winning of Olympic medals. The size of the population of the participating nations accounted for more than twice as much of the variance in the winning of Olympic medals than the GDP-PC, pointing to the fact the success at the Olympic Games is not as much dependent on the national share of wealth as it was presumed earlier in the literature. Indeed, the winning of medals at the Olympics may involve several other factors that, to date were not identified. These findings may deserve replication with data from future (i.e. Rio 2016) Olympics. In the interim, the message from this work is that, according to this analysis of the London Olympics, wealth may be a feeble factor that is comparable to the average national temperature, in the winning of medals at the Olympic Games.
